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I. Introduction
Understanding the causes and consequences of nominal and real rigidities in an economy is essential for studying business cycles or assessing the impact of macroeconomic policies on that economy. In this literature, a distinction is typically made between time-dependent and state-dependent price-setting behavior. In time-dependent pricing models, it is assumed that enterprises alter their output prices on the basis of a time-contingent pricing mechanism. This model, based on Taylor (1980) and Calvo (1983) , provides a core theoretical foundation for the analysis of modern inflation dynamics. A key conclusion of this branch of pricing models is that the fraction of prices changing at a given time is determined exogenously and remains constant over time.
However, time-dependent pricing models lack proper microeconomic foundation. Nor do these models do a good job of explaining empirical regularities of inflation dynamics (Ball, 1994; Fuhrer and Moore, 1995; and Mankiw, 2001) . To overcome these shortcomings, other types of expectation formations have been proposed. For example, Mankiw and Reis (2002) have developed a sticky information model, in which future price expectations are updated gradually as new information becomes available. Their model generates a gradual output response, which is positively correlated with money and demand shocks as suggested by empirical evidence (see Christiano, Eichenbaum, and Evans, 2004) .
In state-dependent pricing models, enterprises choose when to change their prices subject to "menu costs." That is, they will adjust their prices when specific events occur. Assuming that enterprises' costs are fixed regardless of changes in prices (for example, the cost of printing a new schedule of prices), the timing and magnitude of enterprises' price adjustments depend on the state of the economy (see, for example, Dotsey, King, and Wolman, 1999) . Because of the explicit cost of changing prices, it is profitable for enterprises to change prices only if the higher price covers the cost of price change.
In this study, we conduct an empirical analysis of pricing behavior at the microlevel, taking advantage of price-level data for Sierra Leone. Compared to aggregated consumer price data, which are typically reported in the form of an index, the unindexed price-level data used for this study comprise all items included in the official consumer price index. Therefore, it will offer a unique opportunity to analyze disaggregated pricing behavior at the retail level for a developing country. 2 One of the questions we pose is why prices in Sierra Leone change so frequently. We analyze the question using micro-level price data from two different perspectives: cross-sectional and over time. Regarding cross-sectional analysis, we show that the different frequencies with which retailers change prices may be explained by two variables: inflation volatility and the extent to which an item is considered processed (that is, has a high value added). Uncertainty about inflation, as measured by inflation volatility, helps to explain why retailers change their prices more frequently. In an environment where future inflation is subject to uncertainty, enterprises have to be responsive to economic conditions in their pricing decisions. Their ability to absorb costs is also important. Food items, such as rice, are typically unprocessed and comprise mainly the cost of growing the item and the costs of distribution (labor and transportation) and storage. Changes in these costs are likely to be passed on to customers quickly because retailers wish to avoid pricing their products below their marginal costs. For services and products that are processed, it may be easier for retailers to absorb some of the increases in the production costs, at least in the short run, while avoiding adjusting the retail prices frequently. Therefore, the prices of these items are usually changed less frequently.
Furthermore, we examine the frequency with which retail prices are adjusted over time by constructing a time series that measures the fraction of prices changing each month. 3 The key contribution of this analysis is that the volatility of inflation in Sierra Leone can be explained, by and large, by the volatility in the frequency of monthly price changes. This is an important observation because, in industrial countries, the volatility of inflation is typically associated with the volatility of the average size of monthly price changes, whereas the frequency of price changes each month remains relatively stable (Box 1). This implies that firms in industrial countries rely mostly on time-dependent pricing rules when adjusting their output prices. 4 In Sierra Leone, in contrast, retail prices appear to be much more responsive to "events"-for example, driven by inflation and the growth rate of the broad money supplyreflecting, in part, economic uncertainties.
In light of the above, another policy question we explore in this study is to what extent policy authorities are able to reduce both the fraction of prices subject to change each month and, more important, the volatility in that fraction, as these would reduce inflation volatility. By estimating a statistical equation for the fraction of prices subject to change each month and linking this fraction to variables that proxy "events," we find that bringing inflation and money growth to more moderate levels over time would also reduce the proportion of prices changing each month and would contribute to lower inflation volatility.
Sierra Leone, a small, open economy in West Africa, has a rich resource base as well as a diversified agricultural sector. Key exports include diamonds and agricultural crops (coffee and cocoa). However, the long civil conflict had a devastating social and economic impact on the infrastructure and institutions, and resulted in widespread poverty. The signing of a peace accord in July 1999 in Lomé and the cessation of hostilities, followed by concentrated efforts to resettle displaced people, have facilitated the normalization of economic conditions. They have also reinforced confidence in the economy and thus enhanced macroeconomic stability. Inflation, as a result, has come down to more moderate levels. (Figure 1 ). Most retail prices in Sierra Leone change frequently, compared with industrial countries where retail prices generally display considerable "stickiness" (Box 1). In contrast with more complex and advanced developing economies, the structure of the economy in Sierra Leone is rather basic. Retail markets in the country are dominated by small-scale enterprises and individual sellers who offer mainly primary goods for sale. Further, reflecting the structure of consumption and low levels of income, more than one-half of the goods included in the consumer price index are food items. The prices of food items, by their very nature, are typically more volatile than the prices of nonfood items, which in part explains the relatively high frequency of price changes in the retail sector.
In this study, we use price data comprising monthly retail prices (unindexed) for 251 items included in the official consumer price index. The data were collected by Statistical Sierra Leone and cover the period from November 1999 to April 2003. The data set forms the basis for the published monthly consumer price index. 5 The items included in the consumer basket are allocated among 13 expenditure groups. For each item, a monthly retail price is derived as an unweighted average price based on surveys at different collection points in Freetown during each month. Food items represent about 60 percent of the index and comprise food, drinks, and tobacco. This data set allows us to measure directly how frequently and by how much individual retail prices change (on average) each month.
The paper is organized as follows. Section II reviews relevant empirical research on pricing behavior. Section III analyzes cross-sectional data and presents some stylized facts about retail prices in Sierra Leone for the period under study. In Section IV, we analyze the underlying causes of frequent price changes in cross-sectional data. The behavior of prices over time will be examined in Section V, and Section VI concludes the paper.
II. Empirical Studies on Pricing Behavior
Empirical research using micro-level pricing data has grown rapidly in recent years, in part, because of the growing need to understand the price rigidities prevailing in an economy. In turn, the price rigidities provide valuable insight into the dynamic reactions of output and inflation to shocks and the transmission mechanism of monetary policy. Studies by Klenow and Kryvtsov (2005) and Bils and Klenow (2002) analyzed price data collected by the U.S. Bureau of Labor Statistics. Klenow and Kryvtsov (2005) found that, during 1988-2003, the variance of monthly inflation in the United States could be explained by fluctuations in the average size of price changes rather than by the frequency of prices changing each month, suggesting that pricing behavior in the United States is consistent with the assumptions of time-dependent pricing models. Bils and Klenow (2002) showed that prices in the United States changed relatively frequently, with about half of the prices remaining unchanged for less than 4.3 months. However, the frequency of price changes varied considerably from sector to sector.
A number of studies have examined pricing behavior in European countries. Dias, Dias, and Neves (2004) found that the prices of food items are changed more frequently than the prices of nonfood items in Portugal, reflecting the nature of these items (typically unprocessed), and that the prices of goods were adjusted more frequently than the prices of services. They also reported that economic conditions can have an impact on pricing behavior: during periods of higher inflation, prices are adjusted more frequently. Fabiani, Gattulli, and Sabbatini (2004) found that the majority of Italian firms use both time-and-state-dependent pricing strategies (see Aucremanne and Druant, 2005; Apel, Friberg, and Hallsten, 2001; and Hall, Walsh, and Yates, 2000) .
Several studies on wholesale and retail prices have suggested that these prices often remain unchanged for months. Levy, Dutta, and Bergen (2002) examined the heterogeneity of price rigidity using weekly retail, wholesale, and spot prices for 12 orange juice producers in the United States. They found that prices were more rigid in response to small changes in cost shocks than to large shocks, as well as in response to temporary cost shocks in comparison with permanent shocks. Prices were also more rigid when producers had less information about the cost shocks. By examining spot-wholesale price spreads, the authors concluded that firms were more likely to absorb temporary cost increases, possibly because of concern over losing customers, which contributes to price rigidities at the retail level. The findings are consistent with the menu-cost models. MacDonald and Aaronson (2000) studied restaurant prices in the United States and found that these prices were often adjusted less frequently than the prices of consumer goods in the basket of the consumer price index. Blinder and others (1998) found, based on a survey of 200 firms selling intermediate goods in the United States, that firms adjusted median prices about once a year. Hall, Walsh, and Yates (2000) made a similar conclusion for U.K. companies. Borenstein and Shepard (1996) found that firms with market power adjusted wholesale prices less than fully in response to cost shocks in U.S. gasoline markets (see also Davis and Hamilton, 2003) . Campbell and Malley (2003) studied price stickiness in the U.S. manufacturing sector and estimated industry-specific Phillips curves. They found that inflation inertia was higher in durable goods industries than in nondurable goods industries. Furthermore, they concluded that the majority of industries tend to set their prices in a forward-looking manner, but that industries also used a backward-looking price-setting strategy, particularly industries that are characterized by higher average markups.
III. Some Stylized Facts-Cross-Sectional Evidence
In this section, we will summarize the key features of price movements in Sierra Leone. We begin by defining a measure for price change, I it ., which indicates whether or not the price of item i has changed in month t.
Let p it represent the log price of item i in month t. The indicator can be defined as follows:
The average monthly frequency of a change in the price of item i can be defined using equation (1) as follows:
Estimated monthly frequencies range from zero for four items whose prices were unchanged 6 during the sample period to close to one for 41 items whose prices were adjusted virtually every month (Figure 2 ). The median frequency is about one-third, which means that the price of a typical item in the consumer price index is adjusted once every three months during the 3½-year period under study. Virtually all high-frequency items were food products, except for a small number of nonfood items (such as soap and firewood). Duration measures the length of the interval during which the price of an item remains constant. It is related to the frequency of price change and may be defined as follows: The prices of food items were adjusted, on average, virtually every month, whereas the prices of items included in the category rents, rates, and repairs and in the category transportation and communication were adjusted infrequently (Figure 3) . One reason for the frequent price changes in the food category is that food items are typically unprocessed goods and therefore have little value added beyond their primary input costs to absorb cost shocks. Since primary inputs are undiversified, their prices are likely to change more frequently in response to cost changes because enterprises want to ensure that retail prices don't fall below their marginal costs.
Furthermore, we can extrapolate from these facts to the case of Sierra Leone, where food represents about 60 percent of the consumer basket. Changes in food prices therefore have a significant impact on the overall price index, which explains, in part, the volatility of inflation in the country. These findings are comparable to those from research for industrial countries, where changes in food prices were found to be more frequent than changes in the prices of nonfood items (Bils and Klenow, 2002; and Dias, Dias, and Neves, 2004) .
Moreover, the bulk of items whose prices were adjusted less frequently could be subject to administrative pricing, including rental rates, the cost of transportation and communication, fees for medicines and medical care, and the cost of education (Appendix Table 1 lists the goods included in Sierra Leone's consumer price index). We also find that the prices of foods eaten in restaurants (included in the food category) have changed less frequently, on average, than retail prices of food items. This may be due, in part, to the fact that restaurants can more easily absorb cost shocks.
8 Significant costs could also be associated with frequent changes in menu prices. This outcome is in line with MacDonald and Aaronson (2000) for the U.S. markets. Hence, the median length of time that prices remain unchanged in Sierra Leone is considerably shorter than, for instance, in the U.S. markets (see Bils and Klenow, 2002 ).
Next we examine whether the frequency of price changes could explain the level of average monthly price change. Let π i t represent the log difference in the price of item i between periods t and t-1:
The average monthly inflation of item i is defined as Figure 4 displays the average monthly price change for each category, which varies substantially across the expenditure groups. However, a high (low) frequency of price changes does not indicate high (low) inflation. The monthly average rate of price change is very low for food items (0.2 percent) and transportation and communication (0.1), but the duration of any given price for food items is very low (0.8 months), whereas the duration of prices for transportation and communication is very high (8.7 months). Moreover, the increased availability of goods and services in Sierra Leone since the end of the civil conflict has increased imports as well as local trade, thereby resulting in lower costs. 9 Therefore, the prices of certain goods and services fell during the sample period. The volatility of price change in Sierra Leone varies a lot across different expenditure groups ( Figure 5 ). The volatility of food prices, reflecting their significant weight in the consumer price index, has been an important factor in explaining the volatility of the overall price index in Sierra Leone. Are monthly price changes correlated in Sierra Leone? Given the high frequency of monthly price changes, one would expect that monthly price changes are not significantly correlated (i.e., inflation persistence is rather low). Let us assume that the price of commodity i in Sierra Leone's consumption basket follows the following stochastic process:
where ν i t = ρ i ν i t-1 + ξ i t (stability requires that │ρ i │< 1) and the random shock, ξ i t , is a normally distributed disturbance with zero mean and constant variance. The price of item i changes in response to random shocks, which tend to persist. Using equation (6), monthly inflation becomes
where the measure of correlation (ρ i ) defines inflation persistence for item i.
The estimated inflation persistence is generally small and is not statistically significant ( Figure 6 ). 11 For items whose prices are changed infrequently, such as transportation and communication and rents, rates, and repairs, a longer price duration has not resulted in inflation persistence. 12 For the overall consumer price index, the estimated coefficient of inflation persistence (0.2) is similar to the reported coefficient for the United States (see Bils and Klenow, 2002) , but the parameter estimate is not statistically different from zero. 
IV. What Explains the High Frequency of Price Changes?
Menu-cost models of price adjustment suggest that inflation is higher in markets where price changes are more frequent (for example, Barro, 1972; and Taylor, 1999) . This is due, in part, to the cost of changing prices. In Sierra Leone, the frequency of price changes in cross-sectional data is positively correlated with the level of inflation and inflation variability (measured by the standard deviation of monthly price change). Furthermore, average inflation is almost perfectly correlated with inflation variability. However, these results are not suggestive of the direction of causality.
The results for food and nonfood items are similar (Tables 2 and 3 ). However, for nonfood items the frequency of price adjustment is negatively correlated with inflation, on the one hand, and with the variability of inflation, on the other. A negative correlation for nonfood items could be explained by administrative pricing in several expenditure categories (rents, rates, and repair; medicine and medical care; transportation; and education). That is, while price changes have been infrequent, individual price adjustments could have been sizable. State-dependent pricing models assume that enterprises will adjust their prices in response to shocks. 13 Therefore, the frequency of price adjustments in state-dependent pricing models is endogenous. Below we estimate an equation for the frequency of price change (which is a 1 x k vector), using a constant, a variable for inflation uncertainty (standard deviation of monthly inflation), and a dummy for "nonprocessed" goods as explanatory variables. 14 The estimation results are reported in Table 4 . 15 In Table 4 , the constant term may be interpreted as an unweighted average frequency of price change in the sample (the estimated average duration is about three months). The variable that measures inflation uncertainty also has a statistically significant coefficient, suggesting that higher inflation uncertainty increases the frequency of price change. Monthly inflation was statistically insignificant in the estimation. This may be because enterprises' response to inflation uncertainty is nonlinear and therefore inflation variability is a better proxy for it. In addition, the dummy for nonprocessed items was highly significant, providing support for the argument that the retail prices of less diversified items are adjusted more frequently. Notes: * indicates statistical significance at 5 percent level; ** indicates statistical significance at 1 percent level. 1/ The dependant variable measures the average frequency of price change. 2/ Dummy variable receives value "1" for nonprocessed goods and value "0" for others.
V. What Determines the Frequency of Price Changes Over Time?
In the previous section, we concluded that the frequency of price changes in cross-sectional data can be explained by inflation uncertainty and the value-added of an item. In this section, we turn to the question of how pricing behavior might change over time. As we have already explained, in time-dependent pricing models the timing of individual price changes is exogenous. An enterprise therefore sets its price every n th period (Taylor, 1980) or randomly (Calvo, 1983) . However, a key conclusion of the Taylor-Calvo models is that the fraction of enterprises adjusting their prices at any given period remains constant over time. As a result, inflation variability is entirely driven by the size of price changes. On the other hand, in statedependent pricing models the fraction of enterprises changing their prices is determined by economic events. Hence, enterprises change their prices in response to market conditions. We apply the methodology of Klenow and Kryvtsov (2005) and decompose the variance of monthly price change into two margins: an extensive margin (denoted by EM, which notes the fraction of items changing prices each month) and an intensive margin (denoted by IM, which measures the average size of price changes). 16 Klenow and Kryvtsov argue that these two margins are useful in interpreting the extent to which prices are set in line with time-or state-dependent pricing models. The first margin is featured in many state-dependent pricing models, while the second margin is the sole source of inflation dynamics in models of timedependent pricing.
As before, π t represents economy-wide inflation in month t, where ω i t is the relative weight of item i in the consumer price index:
As derived by Klenow and Kryvtsov (2005) , monthly inflation may be decomposed into the fraction of items whose prices change during month t (denote by fr t ) and into the weightedaverage price change in month t (denote by dp t ).
π t ≡ fr t * dp t,
where fr t = ∑ i = [1, k] ω i t I i t and dp t = π t (fr t ) -1
.
If the prices of all items change in period t, then fr t = 1 and π t = dp t . Figures 7 and 8 plot fr t and dp t , respectively.
The fraction of prices that are subject to change each month fluctuates between 35 percent and 90 percent (for a mean of 51 percent), which is substantial. 17 The average size of the monthly price change also varies considerably, between-12 and 17 percent (for a mean of 2.3 percent). The average fraction of items subject to change in the food category (fr-food) is substantially higher than in the nonfood group (fr-nonfood), whereas the average size of price change in the food group is somewhat smaller than in the nonfood category (Table 5 ).
The average proposition of items changing prices each month is high and consistent with our earlier conclusions using cross-sectional data. This outcome for Sierra Leone is very different from results reported for industrial countries (for example, see Bils and Klenow (2002) and Klenow and Kryvtsov (2005) for the United States; Apel, Friberg, and Hallsten (2001) for Sweden; Aucremanne and Druant (2005) for Belgium; Dias, Dias and Neves (2004) for Portugal; and Fabiani, Gattulli, and Sabbatini (2004) for Italy). Furthermore, in an average month about 20 percent of prices rise or fall in Sierra Leone. This is consistent with our earlier results in that changes in food prices occur more frequently than changes in nonfood prices (Table 6 ). The ratio of rising to falling prices varies considerably over time (Figure 9 ). The variance of inflation, var(π t ), may be decomposed into variances associated with the average size of monthly price change, var(dp t ), the fraction of items changing prices, var(fr t ), and the covariance between these two variables. 18 That is, var(π t ) = {var(dp t )*fr 2 } + {var(fr t )*dp + (dp t -dp)*(fr t -fr)) + 2*cov} (10) = IM + EM.
The first term represents the intensive margin (IM), while the second term represents the extensive margin (EM). The results are reported in Table 7 . For Sierra Leone, the variance in inflation may be explained largely by the extensive margin, that is, fluctuations in the fraction of items subject to price changes. The results for food and nonfood groups are similar.
In this context, it is worth noting that the above outcome is strikingly different from that of Klenow and Kryvtsov (2005) for U.S. markets, where fluctuations in the fraction of items changing price are relatively unimportant as a source of inflation fluctuation. Aucremanne and Druant (2005) report similar findings for the Belgian economy, although the fraction of enterprises using state-dependent pricing is more pronounced in their study than in Klenow and Kryvtsov. Aucremanne and Druant also note that enterprises are likely to switch to statedependent pricing models in special circumstances, suggesting that the magnitude of shocks also matters.
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Suppose that fluctuations in the fraction of items changing price can be explained by a linear stochastic model:
where Z t is a vector of variables (representing events) important for explaining changes in fr t . For example, enterprises might adjust their prices in response to changes in production costs or because of demand shocks (for example, Fabiani, Gattulli, and Sabbatini, 2004) . Apel, Friberg, and Hallsten (2001) argue that inflation and the exchange rate play important roles in pricing decisions. Past inflation could indicate future cost pressures and lead to upward adjustments in retail prices. Furthermore, an economy-wide rise in the price level would allow for higher individual prices without affecting the relative price structure (and therefore be more easily accepted by consumers). Enterprises could use other variables, such as monetary aggregates, as indicators of future cost pressures. The error term is assumed to be a white noise process.
In the estimation, the fraction of prices subject to change each month is influenced by lagged inflation and the money supply (using broad money), as shown in Table 8 . 20 The response to changes in money supply appears nonlinear and is measured by the second moment in this study. This suggests that there is a direct link from monetary policy to enterprises' pricing behavior, as changes in the money supply have a statistically significant and positive impact on the fraction of prices changing each month. Monthly inflation also seems to be important and is a key macroeconomic policy objective. The exchange rate variable (we experimented with both official and parallel exchange rates) was not statistically significant. Furthermore, there is a statistically significant negative trend in the data, suggesting that the proportion of prices changing each month tends to decline over time. This may be associated with greater economic stability observed during the sample period. Figure 7) .
VI. Conclusions
In this paper, we have analyzed the causes of frequent price changes in Sierra Leone using micro-level price data. A number of conclusions can be drawn from this study, which, by and large, are similar to the findings of related studies on industrial countries.
First, individual prices change more frequently in Sierra Leone than in industrial countries, and the frequency of price changes varies significantly across commodity groups. Price level rigidities are therefore not widespread and have not resulted in inflation persistence, at least not at the aggregate level. This flexibility suggests that inflation could be brought down relatively rapidly, provided that macroeconomic policies are adequate. Moreover, nominal shocks are likely only to have a short-lived influence on real variables. In this context, the transmission mechanism of monetary policy would be an important area for future research, as it would improve understanding of the linkages between monetary policy and inflation in Sierra Leone. The frequency of price changes in the cross-sectional data is explained by inflation uncertainty and the value-added content of products.
Second, the fraction of items subject to price changes each month is very high and volatile. In Sierra Leone, variations in the fraction of items subject to price change are key determinants of inflation, which differs from the research findings for industrial countries, where the ratio has a low mean and is relatively stable. This suggests that pricing decisions in Sierra Leone are driven largely by events, consistent with state-dependent pricing models, whereas in industrial countries prices are usually revisited at specified intervals, as explained by timedependent pricing models. We also find that macroeconomic variables may be used to explain variations in the fraction of items subject to price change over time. In this context, by containing money growth and inflation, the analysis shows that monetary policy would reduce the fraction of price changes in Sierra Leone. Furthermore, a decline in the level of this fraction and its volatility would lead to lower inflation volatility and a lower frequency of price changes by enterprises.
Third, although beyond the scope of this study, one may argue that structural policies could also help reduce price volatility. For example, the volatility of food prices in Sierra Leone is high partly because of supply bottlenecks that may temporarily constrain the availability of products in the markets (food prices, for example, will always be influenced by seasonal factors). In this context, supply constraints may be eased through improvements in the road infrastructure, particularly in the rural areas, while productivity of the agricultural sector in general should be increased. Administrative barriers could also be relevant in Sierra Leone.
Finally, it is not straightforward to generalize these findings to other developing countries, in part because the research on pricing behavior, to my knowledge, has thus far been conducted exclusively using industrial country data. Before drawing broader conclusions on the basis of this study, this type of research on other developing countries appears warranted to establish, among other things, if the results obtained here are applicable to a larger group of developing countries with more complex and advanced market structures or apply mainly to post-conflict economies.
